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ABSTRACT
In 2005, 30% of all alcohol consumption in Russia was unrecorded. This paper describes the chemical composition of unrecorded 
and low cost alcohol, including a toxicological evaluation. Alcohol products (n=22) from both recorded and unrecorded sources 
were obtained from three Russian cities (Saratov, Lipetsk and Irkutsk) and were chemically analyzed. Unrecorded alcohols included 
homemade samogons, medicinal alcohols and surrogate alcohols. Analysis included alcoholic strength, levels of volatile compounds 
(methanol, acetaldehyde, higher alcohols), ethyl carbamate, diethyl phthalate (DEP) and polyhexamethyleneguanidine hydrochloride 
(PHMG). Single samples showed contamination with DEP (275–1269 mg/l) and PHMG (515 mg/l) above levels of toxicological concern. 
Our detailed chemical analysis of Russian alcohols showed that the composition of vodka, samogon and medicinal alcohols generally 
did not raise major public health concerns other than for ethanol. It was shown, however, that concentration levels of DEP and PHMG 
in some surrogate alcohols make these samples unfit for human consumption as even moderate drinking would exceed acceptable 
daily intakes. 
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consumption amounting to 16.2 l, although roughly a 
thir d o f this am o un t is co nsi d er ed to be unr eco r d ed  
alcohol (Shield et al., 2011). Unrecorded consumption in 
Russia not only includes illegally produced or smuggled 
spirits, but also legal non-beverage alcohols, such as 
medicinal tinctures, which are regularly consumed (Leon 
et al., 2009). Unrecorded consumption by its very nature 
is hard to estimate, even though for Russia there is a long 
tradition of indirect estimation via alcohol poisoning and 
alcohol psychosis, which is also the basis of the estimates 
presented (Nemtsov, 1998; 2000). 
Compared to many other countries, Russia has its 
own style of alcohol consumption with a rich history. The 
reasons for heavy drinking patterns and a high rate of 
alcohol use disorders in Russia (Rehm et al., 2004; 2009) 
have been described as resulting from a complex set of 
economical, social, psychological and physiological fac-
tors (Zaigraev, 2009), the end result being that hazardous 
Introduction
Alcohol consumption in Russia has been estimated to 
amount to 15.7 litres pure alcohol per adult capita in 
2005, with most alcohol being consumed as spirits (WHO 
(2011b); see also WHO Global Information System on 
Alcohol and Health (GISAH) (WHO (2011a)). Among 
drinkers, women are estimated to consume 16.3 l per 
capita, while men are estimated to consume considerably 
more per capita, at 35.4 l (WHO (2011a); own calcula-
tions). Overall, consumption was relatively stable in the 
past years with the 2008 estimate for adult per capita 
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alcohol consumption is a social norm and is a part of 
culture and way of life for Russian people, especially in 
rural areas (Zaigraev, 2004).
The Russian Federation has a very low male life 
expectancy in comparison with other European countries 
(Zatonski et al., 2008) and hazardous alcohol consump-
tion is one of the key contributing factors (Gil et al., 2010; 
Rehm et al., 2007). The proportion of men who can be 
considered “binge drinkers” is relatively high at 40–50% 
(Bobak et al., 2002; Popova et al., 2007). Russians recog-
nize the phenomenon of “zapoi”: a period of continuous 
drunkenness lasting several days in which the person is 
withdrawn from normal social life. As a result, negative 
consequences of alcohol consumption in Russia are much 
more prevalent than in the rest of Europe (Stickley et al., 
2009; Zaigraev, 2004). It has been estimated that alcohol 
may be responsible, directly or indirectly, for more than 
30% of all deaths in Russia (Rehm et al., 2007; Stickley 
et al., 2009). According to Zaridze et al. (2009), the level 
of alcohol-attributable deaths contributing to premature 
mortality, particularly among men, is even higher – in 
their analyses, alcohol was a cause of more than half of all 
Russian deaths between the ages of 15–54 years. Other 
researchers estimate alcohol-related mortality to be 
between 170,000 (Leon et al., 2009) to 750,000 (Nemtsov, 
2002) people per year (which corresponds to an annual 
mortality rate of approximately 2.5 to 5.5 per 1,000). The 
most common causes of alcohol-associated deaths include 
unintentional and intentional injury including violence, 
alcohol poisoning, heart diseases and toxic hepatitis 
(Khaltourina & Korotayev, 2008; Razvodovsky, 2009; 
Solodun et al., 2008).
Despite the fact that beverage preferences in large 
Russian cities have changed especially among young 
people during the last decade (Jargin, 2010), people from 
the older generation continue predominantly to buy and 
drink vodka (Zaigraev, 2009). Furthermore, especially in 
small towns and in rural regions, it is typical to consume 
unrecorded beverages (predominantly samogon) and 
surrogate alcohols (substances that are not intended for 
human consumption) including medicinal alcohol, after-
shave and other lotions, perfume, antifreeze, brake fluid, 
denatured alcohol, glues, gasoline, kerosene, tooth pow-
der, and vinegar (Zaigraev, 2004). Even in big cities such 
as Izhevsk, drinking of unrecorded alcohols was relatively 
common in 2003–2005 (Pridemore et al., 2010). The main 
reasons for drinking surrogates are the high affordability 
and physical availability of surrogates because they have a 
unit cost for ethanol below that of standard Russian vodka 
(Bobrova et al., 2009; Gil et al., 2009). 
In Russia several cases of mass poisoning by alcohol-
containing liquids were recorded during the last decade 
(Tsisanova & Salomatin, 2010). The first case was reg-
istered in Yekaterinburg (Siberia) in 2004, and further 
reports spread among the 21 regions throughout Russia 
during the following years. Surrogate alcohols (disinfec-
tants, medicinal alcohols, perfumes) from unidentified 
sources were consumed in all cases, with the chief general 
manifestation being the development of toxic hepatitis. 
Toxicological characteristics of the consumed unrecorded 
alcohols have not been systematically studied so far. 
There are several papers that deal with the inves-
tigation of the composition of vodkas and unrecorded 
beverages from Russia. In the largest survey of Russian 
unrecorded alcohols done by Nuzhnyi (2004), 81 samples 
of samogons were analyzed. In this study most of the 
samples investigated were similar to commercial spirits. 
Savchuk et al. (2006) studied 13 illegally produced strong 
alcoholic beverages from the Russian cities of Kyzyl and 
Stavropol in which diethyl phthalate (DEP) was found, 
indicative of the fact that denatured alcohol was used to 
produce these beverages. In one sample ethylene glycol 
was found, probably due to the fact that the sample was 
poured in a plastic bottle with residual amounts of a 
technical liquid containing this compound. However, the 
authors came to the conclusion that the specified amount 
of DEP and ethylene glycol would not increase the acute 
toxicity of ethanol. The general conclusion to be drawn is 
that the great majority of the alcohol-containing liquids 
from Russia studied so far were close to commercial 
alcoholic beverages in terms of chemical composition and 
toxic properties (Nuzhnyi, 2004; Savchuk et al., 2006). 
Long-term toxicological studies of the alcohol surrogates 
clearly indicated that the toxicity of alcohol surrogates 
was similar to that of legal high-quality vodka or other 
beverages with the same percentage of alcohol in the 
great majority of cases. These materials fully satisfied the 
requirements of the Russian State Standard GOST (2006).
Our goal is therefore to identify potentially toxic 
impurity components in alcoholic beverages and various 
alcohol-containing liquids from the Russian market. To 
reveal the potentially toxic properties of unrecorded 
alcohols in our study, we compared the composition of 
beverage alcohol (vodka and samogon) with surrogate 
alcohol (medicinal and denatured alcohols).
Materials and methods
Sampling
Samples of the alcoholic beverages were bought from indi-
vidual producers (samogon) and local drug stores (medici-
nal alcohol) in Saratov and Lipetsk – middle-sized Russian 
cities situated in the European part of Russia. Nine samples 
that were withdrawn from circulation in the course of 
state monitoring of alcohol marketing in Irkutsk (Central 
Siberia) were also examined. Four vodka samples were 
legally bought in shops and were used as reference samples. 
We collected and analyzed these types of unrecorded 
alcohols because they have traditionally been preferred 
beverages in Eastern Europe (Popova et al., 2007). A simi-
lar sampling strategy was used in the course of analysis of 
Ukraine samples (Lachenmeier et al., 2010). Table 1 gives 
an overview about the category and origin of the samples.
Analytical procedure
The analytical methodology was similar to the one 
used in previous studies in Central and Eastern Europe 200
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(Lachenmeier et al., 2009a,b; 2010). In brief, alcoholic 
strength was determined by Fourier transform infrared 
spectroscopy (Lachenmeier, 2007a). Volatile components 
were analyzed on the basis of the European Union 
Reference Methods for the Analysis of Spirits using gas 
chromatography (GC) with a flame-ionization detector 
(FID) (European Commission, 2000; Lachenmeier et 
al., 2006). Ethyl carbamate (urethane) was determined 
using GC with tandem mass spectrometry (GC-MS/MS) 
(Lachenmeier et al., 2005). Furthermore, all samples were 
screened for unknown substances using nuclear magnetic 
resonance spectroscopy (NMR) similar to the procedure 
in Lachenmeier et al. (2009b). NMR was also used to 
quantify diethyl phthalate (DEP). For the polyhexameth-
yleneguanidine hydrochloride (PHMG) quantification 
we applied a spectroscopic procedure with Eosin Y as 
indicator was applied (Chmilenko et al., 2010). The full 
methodology for screening and quantification of DEP and 
PHMG is available in Monakhova et al. (2011).
Toxicological evaluation
The toxicological evaluation of many compounds in 
alcoholic beverages is problematic, since even for the most 
common compounds such as higher alcohols no European 
or international maximum limits have been established. 
This paper therefore uses the criteria established by the 
Alcohol Measures for Public Health Research Alliance 
(AMPHORA) project, which are generally based on 
acceptable daily intakes (ADI) for foods with the assump-
tion of a lifetime daily exposure. A detailed rationale for 
the limits proposed by AMPHORA was previously pub-
lished (Lachenmeier et al., 2011b). Furthermore, we used 
the Russian State Standard (GOST, 2006) for rectified 
ethyl alcohol for comparison. 
Results
A total of 22 samples were collected and analyzed. Table 2 
presents the results of the analysis of all samples. The 
ethanol content in beverages varied between 26.2% vol 
to 81.4% vol. The highest alcoholic strengths were typi-
cally found in medicinal alcohol from pharmacies and in 
surrogate alcohols (typically around 70% vol), while the 
vodkas had a very uniform alcoholic strength around 40% 
vol. The homemade samogons showed a higher variation 
in their alcoholic strengths, with a mean value at around 
32% vol (26.2–46.7% vol range). 
Methanol was detected in concentrations ranging 
from undetectable to 817  g/hl of pure alcohol (g/hl pa). 
Generally, the methanol levels were within acceptable 
ranges below 10 g/hl pa, with some exceptions (Y1, Y2, Y4, 
Y6, S2, S8). The content of methanol in one surrogate alco-
hol (S2) was 817 g/hl pa. The quantities of other volatile 
compounds (acetaldehyde, ethyl acetate and higher alco-
hols) in the samples were higher than in the commercial 
Table 1. Sample description of alcohol products from the Russian market.
Code Product Manufacturer Point of sale Ethanol source Labelling
Y1 Samogon home made Saratov Fruits 40% vol
Y2 Samogon home made Saratov Fruits 40% vol
Y3 Samogon home made Saratov Fruits 40% vol
Y4 Samogon home made Saratov Fruits 40% vol
Y5 Samogon home made Saratov (unknown) 40% vol
Y6 Samogon home made Saratov (unknown) 40% vol
Y7 Vodka “Russkay bereza” “Moj Stolitca” Saratov Grain 40% vol
Y8 Vodka “Metelitca ” “Sadko” Saratov Grain 40% vol
Y9 Medicinal alcohol (haw tincture) “Gippocrat” Saratov (unknown) 70% vol
Y10 Medicinal alcohol (haw tincture) “Gippocrat” Saratov (unknown) 70% vol
N1 Samogon home made Lipetsk (unknown) no label
N2 Vodka “Janskaj” “Topaz” Lipetsk Sugar 40% vol
N3 Vodka “Voronezkaj” “Kratos” Lipetsk Grain 40% vol
S1 Surrogate alcohol (unknown) Irkutsk (unknown) no label
S2 Surrogate alcohol (unknown) Irkutsk (unknown) no label
S3 Surrogate alcohol (unknown) Irkutsk (unknown) no label
S4 Surrogate alcohol (unknown) Irkutsk (unknown) no label
S5 Medicinal alcohol (unknown) Irkutsk (unknown) no label
S6 Medicinal alcohol (unknown) Irkutsk (unknown) no label
S7 Medicinal alcohol (unknown) Irkutsk (unknown) no label
S8 Medicinal alcohol (unknown) Irkutsk (unknown) no label
S9 Medicinal alcohol (haw tincture) (unknown) Irkutsk (unknown) no label201
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vodkas but still acceptable. All the samples tested had 
very low or even non detectable ethyl carbamate content 
according to GC-MS/MS analysis. During the targeted 
NMR analysis, DEP was found in two of the samples 
investigated (surrogate alcohol S1 and medicinal alcohol 
S9) in concentrations of 1,269 and 275 mg/l, respectively. 
Furthermore, we detected the presence of PHMG in one 
sample (S1), with the concentration of 515 mg/l. 
Discussion
Alcoholic strength
The alcohol content of samogon and vodka from Russia 
varies generally between 26% vol and 47% vol (average 
39% vol). This is in contrast to other studies in Central 
and Eastern Europe, in which unrecorded alcohol con-
tained higher alcoholic strengths than recorded alcohol. 
For example, in Poland, the unrecorded spirits typically 
contained around 48% vol with some products as high as 
85% vol (Lachenmeier et al., 2009a). However, alcoholic 
strength of our samples was found to be similar to the 
typical strength of unrecorded beverages from Ukraine 
(the majority of these samples had a uniform alcohol 
content around 40% vol) (Lachenmeier et al., 2010) and 
to other investigations of Russian unrecorded beverages 
(McKee et al., 2005; Nuzhnyi, 2004). For Russia, we can 
conclude that ethanol in samogon would probably cause 
similar effects (i.e. regarding intoxication and chronic 
effects) as recorded spirits.
Medicinal and surrogate alcohol contained 70% vol of 
alcohol on average. Similarly, McKee et al. (2005) found 
Table 2. Volatile composition of Russian alcohol products. Values are given in g/hl pa (with the exception of ethanol [% vol], ethyl carbamate, 
PHMG and diethyl phthalate (DEP) [mg/l]) *
C
a
t
e
g
o
r
y
C
o
d
e
E
t
h
a
n
o
l
 
[
%
 
v
o
l
]
A
c
e
t
a
l
d
e
h
y
d
e
M
e
t
h
a
n
o
l
1
-
P
r
o
p
a
n
o
l
1
-
B
u
t
a
n
o
l
I
s
o
-
B
u
t
a
n
o
l
A
m
y
l
 
a
l
c
o
h
o
l
s
1
-
H
e
x
a
n
o
l
2
-
P
h
e
n
y
l
 
e
t
h
a
n
o
l
S
u
m
 
o
f
 
h
i
g
h
e
r
 
a
l
c
o
h
o
l
s
E
t
h
y
l
 
a
c
e
t
a
t
e
B
e
n
z
y
l
 
a
c
e
t
a
t
e
E
t
h
y
l
 
l
a
c
t
a
t
e
E
t
h
y
l
 
c
a
p
r
y
l
a
t
e
E
t
h
y
l
 
b
e
n
z
o
a
t
e
B
e
n
z
a
l
d
e
h
y
d
e
E
t
h
y
l
 
c
a
r
b
a
-
m
a
t
e
 
 
[
m
g
/
l
]
D
E
P
 
P
H
M
G
 
Sam.a Y1 26.2 13.2 118 29.9 0.3 53.0 191 n.d.e 9.8 284 22.6 n.d. 20.2 n.d. n.d. n.d. n.d. n.d. n.d.
Sam. Y2 35.6 10.9 325 21.4 2.7 55.4 201 1.8 4.4 286 101 n.d. 50.0 n.d. n.d. n.d. 0.06 n.d. n.d.
Sam. Y3 40.9 23.1 5.6 6.3 n.d. 179 282 n.d. 18.3 485 n.d. 21.0 n.d. n.d. n.d. n.d. 0.06 n.d. n.d.
Sam. Y4 43.0 9.8 67.2 31.2 1.1 41.3 148 n.d. 2.9 225 87.0 n.d. 211 1.1 n.d. n.d. 0.16 n.d. n.d.
Sam. Y5 46.7 16.3 1.9 13.5 n.d. 92.5 163 n.d. 7.8 277 n.d. 18.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sam. Y6 29.8 29.4 216 49.8 1.1 87.8 333 n.d. 9.9 482 51.3 n.d. 30.1 n.d. n.d. n.d. 0.06 n.d. n.d.
Vod.b Y7 40.1 n.d. 2.3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Vod. Y8 40.1 0.5 5.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med.c Y9 ** 1.2 4.3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med. Y10 ** 1.2 7.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sam. N1 40.6 19.1 3.4 35.1 1.2 162 242 n.d. 10.6 451 28.7 n.d. 1.2 1.0 n.d. n.d. n.d. n.d. n.d.
Vod. N2 40.2 0.6 2.3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Vod. N3 40.1 0.6 4.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sur.d S1 75.3 0.7 2.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1269 515
Sur. S2 30.7 20.5 817 n.d. n.d. n.d. 1.5 n.d. n.d. 1.5 2.9 n.d. n.d. n.d. n.d. n.d. 0.06 n.d. n.d.
Sur. S3 81.4 0.5 3.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Sur. S4 79.7 1.9 10.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med. S5 ** 6.1 9.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.0 n.d. n.d. n.d. 3.1 0.6 n.d. n.d. n.d.
Med. S6 72.1 0.7 3.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med. S7 69.8 5.2 3.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med. S8 67.2 2.5 11.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Med. S9 80.0 0.7 2.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 275 n.d.
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a Samogon
b Vodka
c Medicinal alcohol
d Surrogate alcohol
e n.d.: not detected (detection limit 0.5 g/hl pa); negative in all samples: benzyl alcohol, 2-butanol, methyl acetate
f Sum of all esters
* all measurements were done in triplicate, the mean values are shown
** not enough sample amount for Fourier transform infrared (FTIR) spectroscopic measurement 202
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that medicinal alcohol contained 66% vol and Lang et 
al. ( 2006 ) observed tha t medicines used as surroga te  
alcohol had 67% vol. Likewise, the alcoholic strength of 
Ukraine medicinal alcohol was found to be 69% vol on 
average (Lachenmeier et al., 2010). Thus, the finding of 
comparably high-strength alcohol in medicinal unre-
corded alcohol is consistent throughout the countries of 
the former Soviet Union. In the light of the fact that it is 
possible to legally purchase many different non-beverage 
alcohol products with at least 60% ethanol content (Gil 
et al., 2009), consuming these comparably high-strength 
alcohols seems to be of public health relevance in the 
Russian Federation.
Volatile composition and ethyl carbamate
Besides ethanol, unrecorded alcohols from Russia con-
tained several volatile compounds formed in the process 
of alcoholic fermentation. For example, methanol is the 
substance most often blamed for lethal alcohol poison-
ings (Lachenmeier et al., 2007b). However, the methanol 
content in our Russian samples was relatively low (i.e. 
lower than the EU limit of 30 g/hl pa for neutral alcohol 
(European Parliament and Council, 2008) and comparable 
with the Ukraine study where the average content of meth-
anol was 9.8 g/hl pa (Lachenmeier et al., 2010). Moreover, 
the methanol content was lower than that found in recent 
studies of unrecorded alcohols from Poland (Lachenmeier 
et al., 2009a), Lithuania and Hungary (Lachenmeier et 
al., 2009c). Samples S2, Y2 and Y6 are the three excep-
tions with a relatively high methanol content (more than 
200 g/hl pa). This may be explained by the use of fruits as 
the base component (apples and pears), which naturally 
contain methanol precursors (Lachenmeier & Musshoff, 
2004). For this reason, the methanol limit for fruit spirits 
in the EU is set at 1000 g/hl pa (which equates to 0.4% vol 
methanol at 40% vol alcohol) (European Parliament and 
Council, 2008). None of the samples exceeded this limit, 
suggesting that methanol content did not pose a threat to 
public health.
Acetaldehyde associated with alcohol consumption 
is regarded as ‘carcinogenic to humans’ (IARC Group 1) 
(Secretan  et al., 2009). Due to the fact that complete 
separation of acetaldehyde is not technically possible (at 
least not for home producers), acetaldehyde was found 
in all home-produced spirits (the average value was 
17 g/hl pa). In commercial vodka very low acetaldehyde 
concentrations were found (below 1 g/hl pa). None of the 
samples exceeded the AMPHORA limit of 50 g/hl pa for 
acetaldehyde.
Components of fusel oil (propanol, butanol, isoamyl 
alcohol, hexanol) were found in samogon samples with an 
average concentration of 356  g/hl pa. This is consistent 
with previous investigations of home-produced spirits 
(Huckenbeck et al., 2003; Lachenmeier et al., 2009a,c;   
2010; Lang et al., 2006; Szücs et al., 2005) and samogons 
in Russia (Nuzhnyi 2004). However, the AMPHORA limit 
of 1,000  g/hl pa was exceeded by none of the samples 
from Russia. Ethyl carbamate (urethane) was detected 
in 5 samples with the average concentration below 
0.09  mg/l, which is even lower than in samples from 
Ukraine (Lachenmeier et al., 2010). All other analyzed 
compounds listed in Table 2 were not detectable or below 
the AMPHORA limits. 
None of the samples in this targeted analysis exceeded 
the AMPHORA limits for substances listed in Table 2. 
However, the levels of methanol and acetaldehyde in the 
vodkas exceeded the Russian regulations (GOST, 2006). 
I t  m us t,  h o w ev e r ,  b e  m e n ti o n e d  th a t  this  r e gul a ti o n  
appears to be guided by quality considerations, so the 
limits are not based on toxicological thresholds but on 
‘best practices’ or levels desirable from an organoleptic 
standpoint. For example, the methanol limit in Europe is 
10 g/hl pa for vodka (European Parliament and Council 
2008). In Russia this limit is 0.4 g/hl pa, which is lower 
than the maximum tolerable concentration of 5,000 g/hl 
pa (Paine & Dayan, 2001) by a factor of 12,500. Therefore, 
Russian laws provide a large margin of safety, and exceed-
ing these limits cannot be interpreted directly as a public 
health problem.
Diethyl phthalate
DEP was detected in two samples in amounts (275 and 
1269  mg/L) comparable with those found in Russian 
samples from Kyzyl (Savchuk et al., 2007) and Lithuanian 
unrecorded alcohols (Lachenmeier et al. 2009c). DEP 
was a common denaturing agent for ethanol and alcohol-
containing products in Russia before 2006 (Savchuk et 
al., 2007; Tsisanova & Salomatin, 2010). Now the list of 
denaturants in Russia specified by the Federal Law No 
171 from July 27, 2010 for all kinds of alcoholic products 
includes kerosin and gasoline (no less than 0.5% vol), bitrex 
(no less than 0.0015% mas), crotonaldehyde (no less than 
0.2 % vol) (Federal Law, 2010) but DEP was excluded from 
Table 3. Exposure of DEP and PHMG in different Russian consump-
tion scenarios
Exposure scenarios for drinkers of contaminated surrogate alcohol
Number 
of daily 
drinks b
Exposure DEP a 
(mg/kg bodyweight/ day)
Exposure PHMG a 
(mg/kg bodyweight/day)
S1 S9 Average c P95 c S1
1 0.4 0.1 0.4 0.7 0.07 f
20 . 7 0 . 2 0 . 9   d 1 d 0.1 f
31   d 0.2 1 d 2 d 0.2 f
52   d 0.4 2 d 4 d 0.4 f
73   d 0.5 3 d 5 e,d 0.5 f
10 4 d 0.7 4 d 7 e,d 0.7 f
a Exposure = ((12.67 ml) * (DEP/PHMG concentration [mg/l]) * (Number of standard 
drinks) * 100)/((alcohol strength [% vol]) * 1 000 * 60 kg)
b A standard drink in Russia is considered to have a total of 12.67 ml of pure alcohol 
(Djdichko & Evdokimova, 2008)
c Calculated with the combined values of the Savchuk et al. (2006) study (1 022, 
1 284, 964, 1 270, 850, 1 073 mg/l) and our study (1 269, 275 mg/l)
d Value exceeds US EPA RfD threshold (0.8 mg/kg bodyweight/ day) (US EPA, 2003)
e Value exceeds WHO TDI threshold (5 mg/kg bodyweight/ day) (WHO, 2003)
f Value exceeds provisional TDI (0.5 μg/kg bodyweight/day) extrapolated from the 
study of Condrashov (1992)203
Also available online on PubMed Central
Interdisciplinary Toxicology. 2011; Vol. 4(4): 198–205
Copyright © 2011 Slovak Toxicology Society SETOX
this list. However, DEP can still be occasionally found 
in surrogate alcohols (Solodun et al., 2008; Tsisanova 
& Salomatin, 2010) and should be considered as a toxic 
contaminant in such products.
An accepted toxicological threshold for oral exposure 
to DEP is missing. An oral reference dose (RfD) of DEP 
was set by the US Environmental Protection Agency 
(EPA) (US EPA, 2003) at 0.8  mg/kg bodyweight/day 
(48 mg/day for a 60-kg human) with extrapolation from 
the short-term animal toxicity experiments of Brown et 
al. (1978). The WHO (2003) estimated a tolerable daily 
intake (TDI) of 5 mg/kg bodyweight (300  mg/day for 
a 60-kg-human) from a NOAEL (No observed adverse 
effect level) of 1,600 mg/kg bodyweight for developmen-
tal effects, derived from the same study of Brown et al. 
(1978). Table 3 presents different exposure scenarios for 
drinkers of alcohols contaminated with DEP. The US EPA 
RfD limit is exceeded by 3 or more drinks per day for sur-
rogate alcohol (S1). However, drinking the contaminated 
medicinal alcohol (S9) would not yet exceed the US EPA 
RfD. To assess the average risk of DEP consumption with 
surrogate alcohols, we calculated the DEP exposure for 
average and worst case (95th percentile) scenarios with 
the combined data available in the literature (Savchuk et 
al., 2006) and from our study. According to the results 
obtained, daily consumption of 2 standard drinks (which 
is considered light consumption in Russia (Djdichko & 
Evdokimova, 2008)) poses a health risk as the US EPA 
RfD is exceeded. For binge drinkers the WHO TDI level 
may be exceeded after 7 drinks per day in the worst case 
scenario.
Polyhexamethyleneguanidine hydrochloride (PHMG)
Besides diethyl phthalate, polyhexamethyleneguanidine 
hydrochloride was detected in one of the surrogate alco-
hols (515 mg/l) (S1). PHMG is an effective antiseptic and 
is commonly used for suppression of hospital infection 
in the Russian Federation (Tsisanova & Salomatin, 2010). 
PHMG (0.10–0.14%) together with DEP (0.08–0.15%) were 
contained in disinfectants that were used as an ethanol 
source in several poisoning cases in Russia (Tsisanova 
& Salomatin, 2010). As commercial preparation of dis-
infectants usually contain PHMG in concentrations of 
around 1,000  mg/l, it can be assumed that our sample 
was a disinfectant diluted 1:1 with water and/or alcohol 
of other sources. 
For toxicological evaluation of PHMG, only lim-
ited human data is available. It has been assumed that 
consumption of surrogate alcohol containing PHMG 
induces significant disorders of lipid metabolism, which 
ultimately may lead to liver injuries, particularly toxic 
hepatitis (Makarov & Ryasenskii, 2009). On the basis of 
clinical manifestations and laboratory findings of 579 
poisoned patients, Ostapenko et al. (2011) concluded that 
cholestatic hepatitis was caused by PHMG-containing 
alcohol, while a history of alcohol-induced hepatitis and 
cirrhosis contributed to a more severe course of the poi-
soning. However, neither of the two studies provide clear 
evidence how the authors in both studies distinguished 
between the effects of PHMG and ethanol, which of 
course may also cause acute and chronic liver injury 
(Lieber 1988; Rehm et al., 2010). Therefore, only animal 
experiments can be taken as a basis for risk assessment 
of PHMG. The LD50 for PHMG was found to be 450 mg/
kg for mice and 630 mg/kg for rats (Condrashov, 1992). 
In these experiments, liver, spleen and stomach injuries 
were reported. The NOAEL in a 6-month oral study 
with rats was found to be 0.1 mg/kg bodyweight/day by 
Condrashov (1992). The animals in the 1.0 mg/kg body-
weight/day and 10 mg/kg bodyweight/day dose groups 
showed an increase in liver and spleen weights and 
also changes in blood enzyme levels. In another study 
(Yushkov et al., 2011), single doses of 50 mg/kg/day were 
introduced intraperitoneally to white rats. The rats were 
sacrificed after 1, 2, 3 and 7 days. Blood analysis revealed 
acute inflammation (high levels of granulocytes, eosino-
phils, erythrocyte sedimentation rate, and others) and 
development of toxic hepatitis (high levels of bilirubin 
and aspartate aminotransferase) in two to three days 
after introduction of PHMG. Besides liver effects, PHMG 
induced general toxic changes in the kidney and pancreas, 
and suppressed the immune system. 
No oral long-term study was available, which is normally 
used to extrapolate from animals to humans. To make a 
first judgment about the risk of PHMG in the alcohols, we 
decided to use a provisional TDI of 0.5 μg/kg bodyweight/
day (0.03 mg/day for a 60-kg human) extrapolated from 
the animal NOAEL of 0.1 mg/kg bodyweight/day with an 
uncertainty factor of 200 (i.e. the standard uncertainty 
factor of 100 for extrapolation from animal experiments 
to humans, and an additional factor of 2 to consider the 
6-month study) (Lachenmeier et al., 2011a). With this in 
mind, 0.05 ml of our surrogate alcohol containing PHMG 
could exceed this toxicological threshold for a 60-kg 
person. In other words, the TDI level is exceeded after 
consuming only one standard drink of surrogate alcohol 
with PHMG (T able 3). It is therefore plausible that in 
regions where disinfectants with PHMG were consumed, 
high levels of toxic hepatitis, histologically different from 
chronic hepatitis induced by long-term ethanol consump-
tion, were recorded (Ostapenko et al., 2011; Solodun et al., 
2008; Tsisanova & Salomatin, 2010). According to our own 
histological observations from post mortem cases, PHMG 
intoxication causes fulminant granulomatous inflamma-
tion, which fails to complete because of the patient’s death 
and there are no signs of liver cirrhosis typical for ethanol 
poisoning. While this observation is plausible regarding 
the available evidence, it must be noted that the actual 
exposure in the post mortem cases is unclear.
Recommendations and alcohol policy aspects
Alcohol-containing liquids based on surrogate alco-
hols are widespread on the illicit market (Tsisanova & 
Salomatin, 2010). We found that some of the samples 
studied contained relatively high concentrations of DEP 
and PHMG. Such products could have been a common 
source of ethanol among the low-income Russian popu-
lation due to their availability and low cost (Solodun et 204
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al., 2008). However, a larger number of samples is clearly 
needed to evaluate the magnitude of the problem on 
a population scale. The sale of such products is usually 
carried out by means of illegal bottling in standard vodka 
package (Solodun et al., 2008). Currently, manufactur-
ing and sale of disinfectants with PHMG and DEP are 
suspended. However the problem apparently still exists, 
probably because of supplies existing in storage that can-
not be sold. Thus, continued attempts to control and to 
reduce the availability of nonbeverage alcohols should 
be a public health priority in Russia (Lachenmeier et al., 
2011c). We expect that the incidence could decline in the 
future due to the legislative changes. The composition 
of samogon and medicinal alcohol in our samples is not 
substantially different from the same products from other 
European countries and is close to commercial alcoholic 
beverages in terms of toxic properties. Other aspects 
for alcohol policy in Russia can be pointed out. Besides 
generally recommended policy measures such as taxation 
and availability restrictions (Babor et al., 2010; Rehm et 
al., 2008), it might be useful to attentively control the 
composition of denatured alcohols and consumer prod-
ucts for substances that are prohibited by law but still are 
in circulation. Overall, there have been efforts to reduce 
unrecorded consumption in Russia, and these measures 
seem to have been successful, based on official Russian 
statistics and on indirect estimation (Nemtsov, personal 
communication). However, the level of unrecorded 
consumption is still comparatively high in Russia. From 
a public health point of view, two measures seem to be 
necessary in future which would contribute to an overall 
reduction of consumption and alcohol-attributable harm 
(for details of mechanisms see Babor et al. (2010)):
•  Reduce the number of heavy drinking occasions.
•  Further reduce the level of unrecorded consumption.
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